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Abstract
An emerging literature suggests that experiences of physical warmth contribute to social
warmth—the experience of feeling connected to others. Thus, thermoregulatory systems,
which help maintain our relatively warm internal body temperatures, may also support feel-
ings of social connection. However, the association between internal body temperature and
feelings of connection has not been examined. Furthermore, the origins of the link between
physical and social warmth, via learning during early experiences with a caregiver or via
innate, co-evolved mechanisms, remain unclear. The current study examined the relation-
ship between oral temperature and feelings of social connection as well as whether early
caregiver experiences moderated this relationship. Extending the existing literature, higher
oral temperature readings were associated with greater feelings of social connection. More-
over, early caregiver experiences did not moderate this association, suggesting that the
physical-social warmth overlap may not be altered by early social experience. Results pro-
vide additional support for the link between experiences of physical warmth and social
warmth and add to existing theories that highlight social connection as a basic need on its
own.
Introduction
Feeling socially connected is a critical and fundamental goal for humans [1, 2]; however, rela-
tive to its hypothesized importance in the literature, less is known about the routes by which
we feel connected to others. One influential neurobiological model of close social bonds pro-
poses that the seeds of our social attachment system evolved from those systems that regulate
other fundamental processes in the body [3, 4]. That is, given the importance of maintaining
close social relationships for mental and physical well-being and survival [5], feeling connected
to others may rely on the same mechanisms that keep us functioning normally. One such
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system that has received increasing attention for its relevance to social connection and bonding
is the thermoregulatory system, the system that allows the body to maintain its core internal
temperature. Hence, the mechanisms that support our ability to maintain a relatively warm
internal body temperature may also help us gauge our feelings of social connection.
As evidence for the possibility that thermoregulation and social attachment share overlap-
ping systems, work on the caregiver-infant bond in animals suggests that physical warmth can
serve as a proxy for the first bond [6]. For instance, physical warmth (vs. cold or heat) can
reduce the distress of being separated from a caregiver [7] and pups deprived of maternal care
survive longer if kept at warm (vs. cooler) temperatures [8]. Furthermore, female vervet mon-
keys with larger social networks were better able to regulate their core body temperatures in
colder weather (evidenced by a higher minimum daily core temperature and less variability
throughout a 24-hour period; [9]. Though not about the subjective experience of connection
within these social bonds, these results suggest a strong link between thermal stimuli and close
social bonds.
From the human literature, social bonding and the ensuing ‘warm’ feelings that stem from
connecting with others have recently been linked to physical warmth. Warm stimuli (e.g. hot
coffee, therapeutic packs) lead to increases in social or interpersonal warmth–the experience of
feeling connected to other people–whereas cold stimuli are linked to disconnection and loneli-
ness [10–15]. Moreover, the link between physical and social warmth is especially strong when
warmth and social connection are motivationally relevant or situationally appropriate [16–19].
For instance, a physically cold condition (vs. a room temperature condition) leads to a greater
desire for socially warm experiences compared to generally positive social activities (study [1,
19]). Furthermore, effects of warmth on more prosocial, affiliative type behavior reverse to
antisocial, hostile behavior when heat, rather than warmth are manipulated (e.g. [16]). These
findings fit with the homeostatic view of warmth and thermoregulation in that warmth is par-
ticularly motivationally relevant when one is cold as opposed to hot. Thus, relative warmth
that helps maintain ‘optimal’ levels, rather than warm, cold, or hot stimuli per se are particu-
larly desirable.
As support for the theory that social and physical warmth share biological mechanisms [3,
4], neural activity in response to a socially warm experience (i.e., reading loving messages from
close others) overlaps with some of the same regions that activate to physical warmth (i.e.,
holding a warm pack; [11]. Opioids, a neurochemical associated with social bonding, also con-
tribute to physical warmth-induced feelings of connection. Thus, blocking endogenous opioid
activity with an opioid antagonist (naltrexone vs. a placebo) reduces feelings of connection that
come from a physically warm experience [20].
Although no work has directly examined the link between internal body temperature and
feelings of social connection, some work is suggestive of such a relationship. For instance, elicit-
ing a socially cold state (being socially excluded vs. included) leads to lower finger tempera-
tures, a peripheral measure of temperature [21]. Moreover, recalling an experience of social
exclusion (vs. inclusion) leads to lower estimates of room temperature, an external measure of
temperature [15]. Together, these findings suggest that peripheral mechanisms that help main-
tain and regulate optimal thermal levels may also help regulate optimal feelings of social con-
nection. Still, the relationship between measures of actual body temperature, a close indicator
of internal temperature, and social connection has not yet been examined.
In addition, little research has explored the potential origins of the overlap between physical
and social warmth. Currently, there are two hypotheses. The first suggests that mechanisms
that support close social bonds evolved out of thermoregulatory mechanisms and may there-
fore be an innate, ingrained process, such that all individuals should have an inherent associa-
tion between physical and social warmth [3, 22]. The second hypothesis is that the overlap
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between physical warmth and social warmth has been learned associatively over time, particu-
larly during infancy and childhood [22]. From this perspective, to the extent that caregivers
provide both care and affection as well as physical warmth (through close physical contact),
these experiences may come to be associated with one another. This would then mean that
individuals with unresponsive or neglectful caregivers may not learn this same association
between physical warmth and social connection. To date, these two hypotheses have not been
explored together.
Based on the theorized overlap between the thermoregulatory system and social attachment
system, the current study examined the association between internal body temperature and
feelings of social connection over a 7-hour controlled laboratory session. Higher internal body
temperature (within a non-febrile range) was hypothesized to be associated with greater
reported feelings of social connection. Furthermore, we assessed the contribution of percep-
tions of early social experiences with caregivers to the relationship between internal body tem-
perature and social connection. Should the physical-social warmth overlap be learned early in
life, perceptions of early social experience should moderate the relationship between internal
body temperature and feelings of social connection, such that those from caring, responsive
backgrounds should show a stronger relationship between internal body temperature and feel-
ings of social connection than those with less caring early experiences. However, to the extent
that the overlap between physical and social warmth is an innate relationship that has devel-
oped over the course of our evolutionary history, early experiences with a caregiver may not
moderate this relationship.
Materials and Methods
Overview
The following procedures are from a larger double-blind, placebo controlled study on the
effects of an inflammatory-challenge on social perception [23]. Details of the full procedures
are summarized here, with the measures used for the current study outlined in more detail
below. Participants arrived at UCLA’s Clinical and Translational Research Center (CTRC),
where a study nurse inserted a catheter with a heparin lock into the dominant forearm (right)
for hourly blood draws and one into the nondominant forearm (left) for a continuous saline
flush and for drug administration. Ninety minutes after arrival to the CTRC, participants were
randomly assigned to receive either low-dose endotoxin (0.8 ng/kg of body weight) or placebo
(same volume of 0.9% saline), administered as an intravenous bolus. The endotoxin was
derived from E. coli (E. coli group O:113: BB-IND 12948 to MRI) and provided by the National
Institutes of Health Clinical Center [24]. Vital signs (including oral temperature, see below for
more information), blood draws (to assess proinflammatory cytokine levels), and self-report
measures were collected at baseline and then approximately every hour after injection for the
next six hours. Two hours after injection, participants took part in a neuroimaging session
where they completed social and nonsocial tasks (reported separately). Participants were dis-
charged from the CTRC following the last blood draw once participants felt as well as they did
when they started. Participants were paid a total of US$220 for their participation. The follow-
ing procedures were approved and run in accordance with the UCLA Institutional Review
Board guidelines. All participants provided written consent prior to participating.
Participants and Screening
A total of 115 individuals participated as part of the larger study on responses to an inflamma-
tory challenge. Sample size for this larger study was determined based on prior research look-
ing at the effects of inflammation on social experience and neural responses [25]. For the
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current study, we examined the 54 participants who received placebo (31 females,M age =
23.31, SD = 5.98, 3.7% African American, 27.8% Asian/Pacific Islander, 46.3%White, 14.8%
Latino, 7.4% Other) because the inflammatory-challenge is known to induce increases in tem-
perature [25]. Participants were screened for general mental and physical health as part of
screening for the larger study. Screening took place using a structured telephone interview fol-
lowed by an in-person screening session. Relevant to the current protocol, participants were
medication and drug-free, free of clinically significant abnormalities on a screening blood test,
and had a body mass index (BMI) in the healthy range (M BMI = 23.50, SD = 2.62,
range = 18.92–29.91). Females were also tested for pregnancy via urine pregnancy tests prior to
being enrolled.
Oral Temperature
To obtain a measure of naturally occurring internal body temperature over the course of a day,
body temperature was measured orally at baseline (approximate time: 9:00) and then approxi-
mately once every hour for the next 6 hours (10:00, 10:40, 12:40, 13:30, 14:30, 15:30) by trained
study nurses. Oral temperature was chosen as a measurement method because it is a commonly
used, relatively noninvasive measure of body temperature used in clinical settings to estimate
internal temperature. Participants were run in a controlled hospital setting (the CTRC). This
helped ensure that other external factors known to alter oral temperature readings, such as
food, drink, exercise, and environmental temperature, were controlled for during the 7 mea-
surement periods. To obtain a global measure of oral temperature throughout the study ses-
sion, an average of the 7 time points was created. Mean oral temperature readings over the 7
time points were in the clinically normal range (M = 36.72°C, SD = .29, range = 36.19–37.56°C,
α = .86).
Feelings of Social Connection
Feelings of social connection were also assessed at baseline and then hourly for the next 6
hours using a 12-item scale (previously described in [23]). A social connection scale [25], a
loneliness scale [26], and two additional items (“I feel lonely,” and “I feel liked;” [27]) made up
the 12 items. To report on their feelings of social connection, participants rated the extent to
which they were feeling the “following feelings right now” on a 5-point (1-not at all, to 5-very
much so) scale. Example items included: “I feel like being around other people,” “I feel outgo-
ing and friendly,” “I feel connected to others.” Responses to the items were averaged to create a
measure of feelings of social connection at each time point (α’s ranged from .74 to .85) and
were then averaged across time to create a global assessment of feelings of connection through-
out the day.
Early Social Experiences with Caregivers
Participants completed two commonly used measures of perceptions of early experiences with
their caregivers during the baseline time point: the Mother Care subscale of the Parental Bond-
ing Instrument (PBI; [28]) and the Risky Families Questionnaire (RFQ; [29]). The Mother
Care subscale of the PBI asks participants to rate how warm and affectionate their mother was
during childhood up until the age of 16. Responses to items such as “spoke to me in a warm
and friendly voice” and “was affectionate to me” are made using a 4-point scale (0 = very
unlike; 3 = very like;M = 2.31, SD = .60, α = .84). The RFQ has participants retrospectively
report on their family life from ages 5–15 and in particular, how harsh their early family envi-
ronment was using a 1 (not at all) to 5 (very often) rating scale (M = 1.97, SD = .80, α = .78).
Example items include “how often did a parent or other adult in the household swear at you,
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insult you, put you down, or act in a way that made you feel threatened,” and “how often did a
parent or other adult in the household push, grab, shove, or slap you?”
Statistical Analyses
The association between oral temperature and feelings of connection was tested first on its own
and then controlling for other factors that are known to alter internal body temperature (i.e.
sex, ethnicity, and BMI; [30–32]). A two stage hierarchical multiple regression was conducted
with feelings of connection as the dependent variable. Sex, ethnicity, and BMI were entered at
step one, followed by oral temperature. Multiple regression was then used to investigate
whether the association between body temperature and feelings of social connection depends
on early social experiences. After centering PBI, RFQ, body temperature, and feelings of social
connection and creating interaction terms for PBI and temperature and RFQ and temperature
[33], the predictors and interaction were entered into a simultaneous regression (each modera-
tor was analyzed separately). Oral temperature was entered as the predictor and feelings of con-
nection were entered as the outcome, however results remain the same regardless of which
variable is entered as predictor or outcome. All analyses were run in SPSS.
Results
In line with the main hypothesis, oral temperature was positively correlated with feelings of
social connection (r = .35, p = .009, Fig 1). That is, higher oral temperature was associated with
greater feelings of social connection averaged over a 7-hour day. The hierarchical multiple
regression revealed that sex, ethnicity, and BMI were not significant predictors of oral tempera-
ture in this sample and accounted for only 9% of the variance (F(3, 50) = 1.63, p = .19, Table 1).
However, adding feelings of connection to the regression model explained an additional 13.4%
of the variance in oral temperature and this R2 change was significant (F(4, 49) = 3.51, p = .01).
In other words, the association between oral temperature and feelings of connection held after
controlling for sex, ethnicity, and BMI, factors known to alter oral temperature [30–32].
To examine whether perceptions of early social experiences might moderate the relationship
between oral temperature and feelings of social connection, the interactions between PBI and
oral temperature, as well as between RFQ and oral temperature, were assessed using multiple
regression. Results indicated that neither the interaction between PBI scores and oral tempera-
ture (b = .09, SEb = .30, β = .30, p = .77) nor between responses to the RFQ and oral tempera-
ture (b = .22, SEb = .27, β = .11, p = .43) were significant, suggesting that the association
between oral temperature and feelings of social connection were not moderated by early social
experience in this sample.
Discussion
Many have theorized that the human need for social connection and social integration is so
great that it is basic to our very survival [1, 2, 5, 34]. However, how we remain and feel con-
nected to others, and in particular the neurobiological systems that keep us bonded, remain
unclear. The current results add to the existing literature on the link between physical warmth
and feelings of connection, or ‘social warmth,’ to show that higher oral temperature, averaged
over multiple time points during a 7-hour controlled laboratory session, was associated with
greater feelings of social connection. Thus, not only does social experience affect peripheral
skin temperature [21] and perceptions of ambient temperature [15], but it relates to internal
body temperature as well. This is the first study to show an association between oral tempera-
ture and social connection, providing support for the theory that basic thermoregulatory
Oral Temperature and Social Connection
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Table 1. Summary of Hierarchical Regression Analysis for Variables Predicting Oral Temperature.
Variable β t R R2 ΔR2
Step 1 .30 .09 .09
Sex .12 1.05
Ethnicity -.10 -1.94
BMI .02 .94
Step 2 .47 .22 .13
Sex .08 .78
Ethnicity -.09 -1.95
BMI .03 1.57
Oral Temperature .52 2.90*
Note.
*p < .01
doi:10.1371/journal.pone.0156873.t001
Fig 1. Association between oral temperature and feelings of social connection.Oral temperature was positively correlated with feelings of
social connection such that higher temperatures (in the non-febrile range) were associated with greater reports of social connection over a 7-hr
study session.
doi:10.1371/journal.pone.0156873.g001
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systems contribute to perceptions of social, affiliative feelings [3] and adds to an existing litera-
ture on warmth and individual differences in personality [35–37].
Although it is difficult to interpret null effects, the results of this study suggest that the rela-
tionship between physical and social warmth may be more deeply ingrained and not simply
learned through early life experiences. Hence, measures of early experiences with caregivers
did not moderate the association between oral temperature and feelings of social connection.
Instead, perceptions of early social experiences did not appear to affect the relationship
between oral temperature and feelings of social connection later in life, which may indicate
that the physical-social warmth overlap is more innate.
However, one limitation regarding the current results is that the measures of early life expe-
rience used in the current study asked participants to retrospectively report on childhood social
experiences with their caregivers and so perceptions of early experiences are constrained to
what the participants could remember. That is, the current measures are not a direct measure
of early social experience. Furthermore, the interpretation that the overlap between physical
and social warmth is an evolved, innate process is based on null moderating effects. Future
work would benefit from measures of direct observations of socially warm experiences early in
life (e.g. observer ratings of hugging during child-caregiver interactions) to clarify the role of
learning on the association between physical and social warmth later in life before any firm
conclusions can be made. In addition, it will be important for future work to examine the phys-
ical-social warmth overlap in populations with more extreme early life adversity, where experi-
ences of physical and social warmth may not have co-occurred, as a stronger test of the
potential innate origin of the physical-social warmth overlap.
Other studies have shown that warmth manipulations alter social perceptions and behavior
depending on self-reported attachment style [38, 39]. Specifically, the link between physical
and social warmth was significant only for those with secure attachment styles. Though seem-
ingly inconsistent with the current results, there are a number of important differences between
the current study and these previous studies. First, the current study assessed early experiences
by asking specifically about caregiving relationships during early life (e.g. from the RFQ: “How
often did a parent or other adult in the household make you feel that you were loved, sup-
ported, and cared for?”; from the PBI: “Spoke to me in a warm and friendly voice,” “Was affec-
tionate to me”). On the other hand, the previous studies focus on attachment styles toward
friends (by asking 5-year-old children items such as “Do you find it easy to become good
friends with other children?”, “Do you feel at ease without having good friends?” [39] or toward
romantic partners (“I get uncomfortable when a romantic partner wants to be very close,” “I
often worry that my partner will not want to stay with me.” [38]. While questionnaires about
attachment styles with friends and romantic partners are conceptually related to the effect of
early social experiences on the physical-social warmth overlap, they are less directly relevant to
the hypothesis that early caregiving relationships contribute to the learned association between
physical and social warmth. In addition, the main dependent variables among the three studies
are different. The current study assessed subjective feelings of connection toward others
whereas the other studies assessed prosocial behavior [39] and perceived proximity to warm
stimuli (study [1, 38]). It is possible that these differences contributed to the different findings
being reported here, namely that previous work has found a moderating role for attachment
style whereas the current results report no moderating effect of early life experience.
Although the participants in this study were from a young, healthy population, these results
have implications for those with clinical disorders, such as those suffering from major depres-
sion. Indeed, depression is characterized by dysfunctions in thermoregulatory cooling (see [40]
for review) and also with feelings of isolation and lower feelings of social connection [25, 41].
One study conducted in depressed patients has even shown that changes to mean core body
Oral Temperature and Social Connection
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temperature after an acute session of whole-body hyperthermia (in an effort to bring core body
temperature back to an optimally warm range) can also help reduce depression levels [42].
Although social feelings were not examined in this study on depressed patients, the current
results suggest that treatment for depression via thermoregulatory mechanisms may also affect
feelings of social connection, which may contribute to the benefits of thermal therapy. Future
work should measure changes in feelings of connection before and after thermal therapy to
directly examine this possibility.
The current results also add to an accumulating set of findings that assess measures of actual
temperature and social warmth. Skin temperature, a peripheral measure of warmth [21], per-
ceptions of room temperature, an external measure of warmth [15], and now oral temperature,
an internal measure of warmth, have now been associated with social processes. Although the
complex relationship between peripheral and central measures of temperature is beyond the
scope of the current findings, future work may benefit from directly investigating core temper-
ature (e.g. via rectal methods, the most accurate method to assess core temperature [43]) and
peripheral measures during social experiences to better understand the association between
core and peripheral measures.
In conclusion, greater feelings of social connection in the current study were associated with
higher oral temperature readings providing additional evidence for the overlap between experi-
ences of physical and social warmth. Furthermore, the link between one of the body’s funda-
mental homeostatic systems (thermoregulation) and feelings of social connection adds to
existing theories that highlight social connection as a basic need on its own.
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